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In two recent Letters [1, 2], Hirakawa et al. investi-
gate the emission of coherent terahertz (THz) radiation
from optically excited superlattices [3]. The authors in-
terpret the spectra of the THz transients in terms of a
semiclassical transport model and conclude that the data
provide evidence for the existence of the so-called Bloch
gain which is of strong current interest because of its po-
tential for the development of novel room-temperature
THz sources [4, 5]. The interpretation of the data in
terms of a conductivity is, however, not performed cor-
rectly, thus making the conclusions of Refs. 1, 2 void.
In Refs. [1, 2], the authors employ an elegant way to
analyze the response of the optically excited electrons to
the constant bias field in the semiclassical approximation.
They invoke the identity of this response with that of
electrons present in a superlattice when the electric bias
field is switched on abruptly (F (t) = FΘ(t)). Based on
this analogy, a relationship between a time-dependent
conductivity σ(t) and the THz-field transient is derived
(σ(t) ∝ ETHz(t)/F , Eq. (6) in Ref. [2]), which allows to
relate the spectra of the THz transients directly to the
frequency-dependent conductivity σ(ω).
The authors then make the mistake to interpret these
data on the basis of an identification of σ(ω) with the the-
oretically derived function σs(ω) of Ref. 6 which describes
the small-signal response of electrons in a dc-biased su-
perlattice to an additional ac electric field. Because of
the highly nonlinear field dependence of the electron cur-
rent, this response is generally very different from that to
the switching of the full bias field as described by σ(ω).
We illustrate the fundamental difference in Fig. 1,
which displays theoretical results for the real parts of
σs(ω) and σ(ω). Both terms can be expressed analyti-
cally, with σs(ω) given by [6]
σs(ω) =
σ0
1 + ω2Bτeτp
·
1− ω2Bτeτp − iωτe
(ω2B − ω
2)τeτp + 1− iω(τe + τp)
,
and σ(ω) obtained by Fourier transformation of v˙(t) of
[7]
σ(ω) = σ0
1− iωτe
(ω2B − ω
2)τeτp + 1− iω(τe + τp)
.
Here, σ0 is the static low-field conductivity, ωB ∝ F the
Bloch frequency, and τe, τp the energy and momentum
relaxation times (values equal to those of Ref. 2).
Bloch gain is expected for electric fields exceed-
ing the critical value FC (defined by the maxi-
mum of the current/field curve shown in the inset
                                        
                                        
                                        
                                        
                                        
                                        
0 1 2 3 4
0.5
1.0                                        
                                        
                                    
                                        
                                        
                                        
                                        
                                        
0 1 2 3 4
0.0
0.4
0.8
1.2
F
0
=2.5F
C
slope ∝ σ
s (0)
 
 
j 
/j
m
a
x
F/F
C
slo
pe
 ∝
 σ
(0
)
τ
e
 = 2 ps
τ
p
 = 0.2 ps
σ
s
(ω)
σ(ω)
 
 
R
e
(σ
 /
σ
0
),
 R
e
(σ
s/
σ
0
)
ω /ω
B  
FIG. 1: Main panel: Real part of conductivity functions
σ(ω) (full line) and σs(ω) (dashed line). Inset: current den-
sity in a superlattice vs. electric field, and illustration of
the different nature of the conductivities for ω → 0. While
σs(0) = dj/dF |F0 , the small-signal gain at a chosen bias field
F = F0, is given by the slope of the j(F ) curve, the full-field-
switching response σ(0) is given by the slope j/F0.
of Fig. 1). Indeed, Re(σs(ω)) is negative for ω <
1/τe
√
(ω4Bτ
2
e τ
2
p − 1)/(ω
2
Bτ
2
p + 1) which is indicative for
gain at these frequencies. In contrast, Re(σ(ω)) is posi-
tive for all frequencies and does not evince a gain signa-
ture.
These results show that one must not compare spec-
tra of THz transients of the kind discussed here with the
small-signal response function σs(ω). We finally note,
that the negative Re(σ(ω)) values derived from the exper-
iments in Ref. 2 either have a different (non-semiclassical)
origin or are artifacts of the interpolation of the zero-
time-delay position.
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